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INTRODUCTIO ~I 
Much concern has been expressed and a great deal of data have 
been collected in the last decade dealing with the effects of 
early experience and/or different environ ments on the behavior of 
mamoals. Alterations of the environment have often changed the 
typical stimulation available or have brought about deprivation 
and subnormal stimulation. Due to the present increase .in world 
population density, more concern has been generated about the 
effects of our changing environment on animal and human behavior 
and physiology . 
A lar ge quantity of data has been collected concerning the 
effects of early environmental deprivation such as lack of handling, 
environmental stimulation, social contact, or isolation on the 
later behavior of such diverse animals as rats, mice, dogs and 
turkeys (Bingham & Griffi'ths, 1952; Brown, i965; Forgays & Forgays, 
1952; Hebb, 1947; King, 1965; Krech, Rosenz'-l'eig, & Bennett, 1960; 
Latane, Campbell, & Joy, 1970; Schein . & Hale, 1959; Scott, 1962; 
Thompson & Woodburn, 1964). A number of experiments have found 
that differential envirorunentai experiences affect learning and 
that, on tests of learning ability and intelligence, animals who 
have had early enriched environments perform better than animals 
who have had restricted environments (Ratner & Denny, 1964). 
Bronfenbrenner (1968) noted that stimulus deprivation may be 
detrimental to perceptual development because visual stimulation 
as well as experience of movement in space contribute to the 
development of visual functio ni ng. Therefore lack of environmental 
stimulation such as movement in space may contribute to poorer 
learning. 
A number of studies have also been conducted concerning the 
effects of environmental alteration such as crowding (Calhoun, 
1962; Friedman & Derks, 1967; Strecker, 1955). Several of these 
studies noted changes in mating behaviors and patterns of repro-
duction. Calhoun (1962) crowded Norway rats and observed a number 
of changes in social behaviors such as mating and nest building. 
He felt these break downs of or changes in behaviors could be 
due to social pressures of crowding. Some experiments on environ-
mental crowding have been based on ideas derived from Selye's 
(1956) general adaptation syndrome which posits changes in the 
autonomic nervous system, the adrenal cortex, and anterior 
pituitary as a result of stress. Barnett (1963) noted that in 
mice and rats that were crowded, their "consequent intraspecific 
conflict" was accompanied by enlargement of the adrenal glands. 
Christian (1950) basing his concepts on those of Selye noted the 
importance of the en_docrine system in the limitation of population 
density which can be seen as a stressor. Christian (1955, 1956) 
noted that both wild and tame m·ice show increased adrenocortical 
activation with increased population density. However, this 
increased activation and adrenal weight associated in increased 
population density was more pronounced in wild mice suggesting 
the importance of genetic factors. Further evidence of physio-
logical changes including increased adrenal weights, suppressed 
spermatogenesis, adrenal hypertrophy, and disruption of oestrus 
cycle were observed by Bronson (1963), Dubas (1965), Calhoun 
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(1966), Siegel (1959, 1959, 1960), and Thiessen (1962). Siegel 
(1959a, 1959b, 1960) confined different numbers of white leghorn 
chickens in equal sized pens and observed a decrease in egg 
production as well as larger adrenals for the more crowded groups. 
Siegel attributed the observed group differences to differences 
J. 
in floor space per animal. Thiessen, Zolman, & Rogers demonstrated 
that housing conditions influence both behavior an4 physiological 
states and a relationship between endocrine response and behavior. 
They showed changes in amount of cholinesterase (ChE) in mouse's 
subcortical brain after exposure to a complex environment, and 
adrenal weight related to both cortical and subcortical brain 
activity. Also the behavioral measure of running time on hole-
in-the-wall test correlated with the physiological measures. 
Dubas mentioned the phenomenon of "population crash" which he 
described as a sudden large increase in mortality in some animal 
species when the density of their population has risen to high 
levels. According to Dubas, many scientists felt this crash or 
"shock disease" was primarily caused by metabolic changes or 
disturbances in some way related to overactivity of the adreno-
pituitary system. Some of the same symptoms observed in wild 
animals such as lemmings and snowshoe hares (Deevey, 1960) 
during population crashes have been seen in laboratory animals 
that have been crowded for experimental purposes. Enlargement 
of adrenals and interference of growth and reproduction have 
been noted in such diverse laboratory animals as chickens, rats, 
mice, and voles. Dubas, however, pointed out that the effects 
and response to population density are dependent on variables such 
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as the "hist ory of the gr oup and it ·s members" and that the effect s 
may or may not be unfavorable. For example, laboratory rat s and 
mice appear to behave more "n ormally" when somewhat crowded as 
demonst r ate d by experi ments showin g individually housed rats and 
mice as usually behaving in a more "e motiona l" or "fri ghtened " 
manner than gro up-ho use d one s (Dubos , 1965). However, the crowdin g 
of lab anima l s i s a rtificially induced and th e crowding normally 
does not occur in t he natural enviro nment of wild ani mals due to 
migra tion and/or o t he r varia bles such as · pr eda tor s arid di seases 
(Streck er, 1955). When lab rats become crowded in a confined 
s pace as a result of unr est r ic ted reproduct±orr, even with an 
ex cess of f ood , they exhibit abnormal mating, ne s t building, and 
"mothe rin g" behavi ors . Thiessen and Roger s (1961), pointed out 
th a t although population density is positively rel a ted to adrenal 
hyp ertr ophy an d ad r enoco rtic a l activity that genetic differences 
in resp onses must be considered and th a t there i s ev id ence tha t 
popula tion size is only indirectly a ''causative agen t". They 
noted th a t social rank whic h include s a var iable of dominan ce 
is a "good predi cto r" of i nd ividua l diffe r ences in respon s e to 
population pressures. In addition, they pointed out that most of 
th e studies of populatio n density have confounded popul at ion s ize 
and livin g space per animal so that mechanical r estr i ct i on of 
living space pe r se may not be a crit ica l variabl e affecting 
behavior a l and physiological changes . 
A number of s tudie s have shown t he envlrorunental effects on 
beh avi ors of dominance and aggr es s ion . The major ity of studies 
have compared th e behavior of isolated vs socially reared animals 
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and have produced conflicting result s . As Howe lls and Kise (1974) 
point out these differences are due in part of intera ction between 
environment al, organismic, and methodologica l or procedural factor s . 
Several studies have shown isolated animals including rats, quail, 
and mice to be more aggressive than social ly r ea red ani mals 
(Ginsburg & Allee, 1942; Kuo, 1960 ; Kahn, 1954) or more dominant 
(Uyeno & White, 1967; Ward & Gerall, 1968). Other.studies have 
found isolates to be l ess aggressive or dominant than so cially-
re ar ed animals (King & Gurney, 1954; Hutchinson , Ulrich & Azrin, 
1965; Rosen, 1964; Rosen & Hart, 1963) ., Wherea s, Rosen (1961) 
found no difference between socially-reared or isolates in compe-
tition for water. Les t e r (1967), on an individual te s t of dominance, 
found domi nant rats made significantly more alternation behavior 
in a Y maze than submissive rats . However, the se di ffe renc es are 
due in part to the i nteraction between environ menta l, organismic, 
and methodological and pr ocedural va riabl es (Ward & Gerall, 1968; 
Howells & Kise , 1974). Lindzey ·(1961) showed the i mportanc e of 
the gen·e factor as did Ginsburg and Allee (1942) and Uyeno (1960). 
Lindzey, Hanosevitz, and Winston (1966) using tlo:o procedures for 
testing dominance and a measure of aggression found a significant 
corre _l a tion between the measure s . Situations which permitted 
normal fighting behavior favored soc ia lly-reared animals whereas 
in restricted movement measur es such as tube-do minance where two 
deprived Ss must push against each other in a nar row tube to 
reach food the det ermined effort of the isolate proved better. 
However, as point ed out by Howells & Kise (1974), Lin dzey et al . 
did not change order of pre sen t a ti on of the te sts which may have 
confounded the results. The assumption that dominance behavior is 
not a single stable characteristic as measured by different test s 
but may be determined by interaction between the organism and the 
envi ron ment employed was pointed out by Ward and Gerall (1968) 
in their discussion of an experiment involving the restrictive 
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food dominance tube. Hsiao (1968) observed stability of the social 
dominance pattern with the tub e only if other conditions, i.e. 
motivation were held equal. Wilson (1968) found tu be dominance 
to be a reliable measu re but concluded that the number of prior 
defeats the animal had experienced could condition submissiveness. 
Several investigators have found a hig h positi ve correlation 
between two measures of dominance: Nowlis (1941) between food-
getting dominance and dominance in competiti on for escape priority 
from aversive isolation in small ca ges ; and Hamilton (1960) 
between food competition ana avoidance of shock competition in 
monkeys, the stabil ity of the results seen over a six month period. 
However, Howells (1970) found no significant relationships .between 
underwater tube dominance te st , Y maze dominance te st or between 
either - of tho se and fighting behavior. 
The studies cited demonstra ted that rearing animals in or 
subjectin g the m to gr oups of a fix ed population density produced 
a number of physiological as well as behav ioral changes in several 
species of animals . Other studies have shown that the effects 
of early experiences such as isolatio n on dominance behavior have 
not been clearly delineated due in part to confoundi ng methodologi-
cal as well ·as definitional problems. 
Dominance has been defined in the laboratory as a "priority 
of access to an approach situation or of leaving an avoidance 
situation that one individual has over another "(van Kreveld, 
1970). However, as -Wilson (1974) pointed out there are two 
divergent interpretations cf social dominance. One interpreta-
tion stresses that "priority behavior must be accompanied by 
threat or fighting displays of ·victory" in order to be considered 
dominance behavior. A broader interpretation considers that 
exhibitions of competitive skill or acts of "social boldness" 
are included as dominance behavior. 
Further adding to the dilemma are the definitional problems 
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of aggression its elf and i _ts relationship to dominance. Therefore, 
there is much contradictory evidence as to the positive correla-
tion between aggression and dominance as well as the definition of 
dominance --itself. 
The motivational aspects of dominance present anothe r 
definitional controversy. Many define dominance in behavioristic 
learning terms while others view domin~_nce as a -complex · "personality 
trait, multidimensional in composition and capable of different 
modes of expression bearing on social control" (\~ilson, 1974). 
Some of these modes of expression in which dominance has bee~ 
shown to serve a function are: in population control, control of 
aggression, defense of individual or group status, and group 
intera ct ion via a so cial rank hiera ·rchy · (Thiessen & Rogers, 1961; 
van Kreveld, 1970). 
The definitional inadequacies of th e term "social dominance" 
has precipitated a tendency to talk of different ty pes of 
·dominance which are basically defined by the ty pe of. dominance 
B 
test or measur e empl oyed . 
The present study was desi gned t o as s ess behavioral changes 
in social dominance whi ch may accompany or be affected by s hort 
term crowding and any adrenal enl ar gement which may be a con-
commitant of crowding . To avoid methodological inaccuracy and 
furth e r estab l ish wheth er dif fere nt measures of dominance WQuld 
accrue th e same r esults a multimethod approach sugges ted by Howell s 
and Kise (1974) was employed. · Addi t i onall y sequence of t es t 
presentation was considered and bo th male and female subjects were 
us ed to determi ne if the measu r es differentially discriminated 
betw ee n th e sexes. 
This expe riment was designed to evaluate the effects of 
crowding (ind epe nden t varia bl e ) on th e social behavior of dominance 
(dep ende nt · ·vari able ). Dominance refers to behavior which was 
observed in . an individual Y maze as number of al ternation s ; be-
havi or observed in a competit ive ea tin g situation 't~here the rat 
of th e pair spending th e greatest amount of ti me at th e one r at 
feedin g station was considered the most dominant; and beh avior 
in an underwater dominance tub e in which the rat th a t forced 
another r a t back t o its s tart .box was considered th e most dominant. 
It was hypothesized th a t th e thr ee measures of dominance 
would be stable individually and would di ffere ntiate bet~een 
rearing condit i ons and sexes . However~ i t was also hypot he siz ed 
that no common dominance concept woul d develop from the thr ee 
measures employed and that test sequence would differentially 
affe ct t he subjects . 
METHOD 
Subjects 
The Ss were 24 male and 24 female albino rats. At 20 days 
of age the males were randomly divided into two groups of 12. 
Group A1B1 was assigned to the crowded living condition for 
50 days and Group A1B2 to the uncrowded living condition for 
50 days. The females were also randomly divided into two groups 
(AzB1 and A2B2) as delineated above for the male Ss. With the 
exception of the food dominance ~est all Ss were maintained on 
an ad lib food and water schedule. 
Apparatus 
Four cages constructed of wood on sides and back with wire 
mesh covering the remaining areas were employed. Two cages 
12" x 20 11· -x 10" were used for Ss in the crowded conditions and 
two cages 30" x 35" x 10" for the Ss in the uncrowded conditions. 
Each cage contained four water dispensers. 
The Y maze was constructed of plywood with three equal 
length alleys 24" x 6" x 5". The Ss were observed indirectlv 
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by a neutral observer through the wire mesh above the maze. 
A food dominance test box 12" x 18" x 10" was constructed 
of wood and wire mesh. The box contained a metal feeding station 
which was a cylinder 2" high and approximately 3½" in diameter 
with an opening of 1½:" in diameter to accommodate only one 
feeding rat at a time. 
The underwater dominance tube apparatus consisted of a clear 
plexiglass tube 36" long and 2!i:" in diameter with small holes 
for escape of air bubbles and detachable start boxes 811 x 4½" x 3" 
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with air holes at either end. The apparatus was supported by a 
plexiglass frame with two carrying handles for easy lowering into 
the water tank which was 16" high and 5 feet in diameter. Two 
guillotine doors operated by pulleys separated the tube from the 
start boxes. 
PROCEDURE 
The 12 Ss in each group were further randomly divided into 
groups of four to receive one of the three orders or sequences 
for administering the three dominance tests (A= Y-maze, 
B = Underwater tube, C = Food dominance; three orders of admin-
istration: ABC, BCA, CAB). Further the four Ss were ran-
domly paired in competition with two individuals within their 
group and two outside their group for four total trials in the 
Band als~ the C tests. Subjects were paired only with like sex 
animals in the same order condition. A graphic representation 
of the design is shown in Figure 1. 
The three dor.1inance tests were administered as follows: 
1. Y-maze test of dominance. Each S was weighed and then 
individually placed in the Y-maze for 10 minutes on two successive 
trials four hours apart. The following four measures employed by 
Howells and Kise (1974) were used: a) frequency that 2-changed 
arms, b) frequency of alternative arms chosen, c) the ratio of 
alternatives to total arms entered, and d) the number of boli 
remaining at the end of the observation period. 
2. Food dominance tests. Each~ was placed individually in the 
experimental cage for a five minute period on two successive 
occasions 12 hours apart for adaptation to the cage and food cup. 
Males 
Al 
Females 
A2 
Crowded 
Bl 
Non Crowded 
B2 
ABC= Y-maze, Underwater, and Food dominance sequence 
BCA = Underwater, Food, Y-maze sequence 
CAB= Food, Y-maze, Underwater sequence 
Fig. 1. Design for Male and Female ~s in the Two Rearing 
Condition and Three Test Sequence Conditions. 
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The subgroups to be tested were removed from the experimental 
conditions and deprived of food for 48 hours. Subjects were 
then weighed and weights recorded. Each S was then matched with 
his randomly assigned partner, as previously described, in the 
dominance test box with a mixture of cornmeal and powdered sugar 
in the food container. The ~s were paired two at a time in-a 
series of competitive eating situations. The tria! time for 
each pairing was five minutes. Approximate time spent eating was 
recorded from observation for each Sin the pair and the ratio 
of time spent eating for each~ to that of the total eating time 
accumulated for the pair was also recorded. A timer with two 
clocks and a push button for each~ of the pair was employed. 
Dyes were used during the testings to distinguish the ~s as to 
group and--i.ndividual. The test cage was thoroughly cleaned 
with an alcohol solution after each pairing. The subjects were 
returned to the experimental conditions at the end of the series 
of tests. 
3. Underwater dominance tests. Each S was familiarized with 
the apparatus without water for 5 minutes. Four hours later 
each S was given 2 trials of escaping from a submerged start 
box only. On the following two days the ~s received trials 
requiring them to swim out of the submerged start box and through 
the tube. The pretraining criterion was 6 satisfactory trials 
on the second day of pretraining. In the actual test the S 
and his randomly assigned partner for each pairing was placed 
in startboxes at opposing ends of the tube and the entire 
apparatus submerged. End assignments were alternated on every 
17. 
trial and a trial was counted when both Ss fully emerged from 
their startboxes and the winner forced the loser completely back 
into the startbox, or at the end of 20 seconds if the two Ss 
lJ 
were deadlocked in the tube. In the latter case the competition 
was declared a tie. Two scoring methods were employed. The first 
used a 3-point scale in which the winner received 2 points, each 
member of a tied competition received 1 point, and the loser 
received O points. In the second scoring system time was considered 
(the total range of times for ali.trials was 5 to 20 seconds). 
In case of a tie each animal received 31 points regardless of 
time; for a trial time of 5 secs. the winner received 62 points 
and the loser O; for a trial time of 10 secs. the winner received 
52 points and the loser 10; for a trial time of 15 secs. the winner 
received li2 points and the loser 20; for a trial time of 20 secs. 
the winner received 32 points and the loser 30. Pairingswere 
made like those in the food dominance tests. 
At the completion of the three dominance tests, Ss were 
sacrificed and their adrenals weighed. Weights of adrenals for 
individuals and for groups were recorded and the data analyzed. 
RESULTS 
A variety of analyses were performed including calculation 
of correlation coefficients for all combinations and trials of 
dominance measures and appropriate analyses of variance. In 
some cases interest in mean differences was superceded by interest 
in differences in variance for groups and Hartley's F :Maximum 
was performed. 
Correlations between the scores on the various measures of 
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the three dominance tests are presented in Table 1. Also 
included are the correlations between the scores of the separate 
trials of each test. The most obvious features of Table 1 are the 
fairly high degree of correlation between the measures within 
the Y-maze test and the Food dominance test and the small degree 
of relationship between the within test water dominance measures, 
the only significant correlation occurring between.the second 
trial of within group water pairings and the second trial of 
outside group water pairings. 
In the Y-maze tests the only nonsignificant correlations 
were between arm changes in trial l(FRQA) and ratio of alternations 
to changes in trial 2 (RATB). The correlations between the number 
of boli and the other Y-maze measures on both trials were negative 
and in a~i cases higher than those obtained by Lester (1967) and 
Howells and Kise (1974). When the two trials of the Y-maze are 
compared there is marginally acceptable reliability between fre-
quency of arm changes (0.52), alternations (0.46) and number of 
boli (0.62). 
In the food dominance tests the reliability between trials 
for the within group pairings were .59 and for the ratio of time 
to total time accumulated for the pair .53. For between trial 
comparisons of the outside group pairings the coefficient for 
these two measures were .62 and .46 respectively. 
There are no significant correlations between the three 
major dominance tests: Trial 1 Y-maze alternations v.s. food 
dominance ratio for trials 1 and 2 (0.13 and 0.21); Trial 2 
Y-maze alternations v.s. food dominance ratio for trials 1 and 
TABLE 1 
tr) 
,-j Overall Correlations Between Dominance Measures 
Y-MAZE TEST UNDERWATER DONHfANCE TEST FOOD DOMINANCE TEST 
Trial Trial Trial Triai Tria l Trial Trial Trial Trial Trial 
1 2 1 2 1 2 1 2 1 2 
Ar m :Alternn - Ratio Boli Arm Altcrna- Rat io Boli ·-Within Within Without · Without Within Within Wit hout Without 
Changes tions of Changes tions . o"f Total Ratio 
2 to 1 6 to 5 Time of ,-Time 
to Total 
( 
1 2 3 4 5 6 .7 8 9 10 11 12 13 · 14 · 15 t6 17 18 19 . 20 
- --
1 
,, 
. 86 ~ 
3 .45 . 75 
4 - .22 -. 44 -. 38 
5 . 52 . 52 • 31 - .33 
6 • 30 . 46 . 33 -.44 • 84 
7 . 20 • 35 . 27 - .46 .2 5 .61 
8 - .28 . -. l10 - . Lil . 62 - .49 -. 23 - . 41, 
9 . 09 .03 -.05 -. 09 . 08 . 03 -.06 -.14 
10 . 009 . 05 . 09 .09 .:.os . 01 .006 . 05 . 05 
11 - .OS . 006 .03 -.03 . 08 . 23 .26 -.19 .25 . 21 
12 .08 .19 .29 -. 06 . . 31 .29 .12 -. 12 .10 .43 . 19 
13 .18 .27 .22 -.1 8 . . 28 .19 . 18 -.22 . 01 -. 13 . 06 -.07 
l l; 
.17 . 18 .10 -. 05 .25 .2 2 .12 -. 11 -. 14 · -.31 . • 08 -. 01 ~37 i ~ 
.23 . 29 . 17 -.1 5 . 36 . 38 .19 - .23 . 04 -.2 0 . 25 -. 09 . 59 . 50 _) 
16 , 15 .18 .10 -. 19 • l16 .42 .0 8 -. 30 -. Ol1 - . 22 . 30 . 01 . 53 .18 . 66 -
17 .21 .25 .15 -- .22 .2 6 .40 . 25 -. 17 . 01 -. 03 .1 5 -. OS . 29 .44 . 55 .so 
-
18 .12 .13 .04 .03 .25 • 34 . 25 -. 02 -.11 . 03 . 16 . 03 .31 . 22 • 48 • 39 • 64 -
19 . 37 • 35 • 20 -. 14 .3 4 .29 . 02 -.15 . OS -. 03 . 23 ' . • 08 . 52 .51 , 60 . 50 . 62 . 42 
-20 . 09 , 21 .12 -. 07 .14 · .19 .15 -.10 -. 13 -. 03 .33 -. 09 .38 . 24 .53 ~41 . 1,3 .46 . 63 -
---------·-- ···-- .... 
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2 (0.34 and 0.19); Trial 1 Y-maze alternations v.s. outside group 
tube dominance scores for trials 1 and 2 (0.006 and 0.19); Trial 2 
Y-maze alternations v.s. outside group tube dominance scores for 
trials 1 and 2 (0.23 and 0.29); Trial 1 food do~inance ratio 
v.s. tube dominance scores for trials 1 and 2 (0.16 and 0.33); 
Trial 2 food dominance scores v.s. tube dominance scores for 
trials 1 and 2 (0.03 and -0.09). 
Analyses of variance and subanalyses were carried out for 
all factors (results of analyses may be found in Appendix A). 
There was a significant sex and sequence interaction for 
weighing times. The sequence significance was, however, due to 
the drop in weight which occurred after deprivation and in the 
weights recorded prior to each food dominance test in the three 
sequence&-of test presentation. 
Analysis of Y-Maze Variables for Trial 1. 
Sex proved to be a significant variable on measures of 
frequency that E. changed arms (FRQA), frequency of alternative 
arms chosen (FRQAA), and ratio of alternatives to total arms 
entered (RATA). However, sex was not significant for the number 
of boli remaining at the end of the observation period (NOA). 
There were additionally a significant sex by sequence 
interaction on FRQA; a significant crowding factor on RATA; and 
a significant sequence factor for NOA. Orthogonal comparisons 
indicated further a significant difference between the differences 
of males and females in the ABC order and that of the BCA and 
CAB orders. There was no significant difference for males and 
females between orders BCA and CAB. Further breakdown showed a 
significant difference between males in order ABC as compared to 
BCA and CAB. However, no differences were indicated between BCA 
and CAB. No order differences were found for females between the 
3 sequences. 
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Orthogonal comparisons were carried out to test the difference 
between males and females for each test order sequence. Results 
show a decreasing difference between ·males and females when ABC 
was compared to BCA and CAB. However, there was no significant 
decrease in differences between BCA and CAB. Females made more 
arm changes on all sequences than did males. Further orthogonals 
showed that there was no significant difference between females 
in the three test order sequences although a trend may be noted 
in Figure 2. However, males made a significant increase in the 
number of-arms chosen between the ABC sequence and the BCA and 
CAB sequences. Although there was also an increase in arms 
chosen from the BCA to the CAB sequence, the difference was not 
significant. A graphic representation of this relationship can 
be seen in Figure 2. 
Results of analysis of variance performed on the data of 
FRQAA found a significant difference only between sexes, with 
females making significantly more alternations than males. 
Analysis of RA.TA demonstrated a significant difference between 
males and females and a significant difference between crowded 
and uncrowded Ss. Females attained higher ratios (X = 19.88) 
than males (X = 14.25) and crowded Ss (X = 19) attained higher 
ratios than uncrowded is (X = 15.13). 
Analysis of NOA demonstrated significance for crowding as 
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1.a 
well as sequence. There were significantly fewer boli (X = 1) 
for crowded than for uncrowded (X = 2. 7 5) Is. The X boli 
remaining for each order sequence were as follows: CAB - .56, 
ABC - 1.93, and BCA - 3.125. (See figure 3.) 
Analysis of Y-Maze Variables for Trial 2. 
Sex was significant only on the frequency of arn changes 
(FRQB) with females again making more changes than males. Un-
crowded Ss showed a strong trend toward making significantly more 
alternations than crowded Ss. No significant differences were 
noted for the ratio of alternatives to total arm changes (RATB). 
There was again a significant difference in the number of boli 
(NOB) remaining for animals in the three order sequences 
(CAB - .1875; BCA - 3.625; and ABC - 4.125). {See Figure 4.) 
Analyses -Of Underwater Dominance for within and Out Group Trials. 
No significant differences were found for any of the factors 
on the two within group trials of water dominance. Hartley's 
Test for homogeneity of variance was carried out for all groups 
and no significant differences were found between the variances. 
The same nonsignificant results were found for both out 
group trials and again Hartley's F Max. showed no significant 
difference between the variances for sequence or sex by sequence. 
An analysis employing the 2 = win, 1 = tie, and O = loss 
rating was carried out for both trial 1 {WOA) and trial 2 {WOB) 
of the outside group pairings. For WOB there was a significant 
sex by crowding interaction at the .10 level and a significant 
sex x crowding x sequence interaction at the .05 level. No 
significant differences were found using this scoring system 
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for WOA, A graphic representation of the water dominance 
relationships can be seen in Figures 5 and 6. 
Analyses of Food Dominance Data for Within Group Pairings. 
Analysis of data from the first trial of within group food 
dominance eating times (FTWA) yield a significant difference 
for the sequence factor only, with mean times increasing from 
sequence ABC to CAB as follows: 23, 35, and 77 seconds. No 
significant differences were found for trial 1 ratios of time 
22 
spent eating to total time accumulated for pairs (FRWA). However, 
Hartley's Test for homogeneity of variance revealed a significant 
difference between the variances of FRWA at the .05 level (see 
Table 26). No significant differences were noted for trial 2 
within group FTWB or FRWB and Hartley's Test revealed no differences 
in the variances. 
Analyses of Food Dominance Data for Without Group Pairings. 
On trial 1 and 2 of the without group pairings for frequency 
of time spent eating (FTOA and FTOB) no significant differences 
were noted. However, analysis of the ratio of time spent eating 
to total time accumulated for each pair revealed a significant 
sex by crowding interaction and a significant sex x crowding x 
sequence interaction for trial 1 (FROA) and trial 2 (FROB). 
Figures 7, 8, 9, and 10 give a graphic representation of this 
data. Uncrowded males attained a higher mean ratio whereas the 
ratio for crowded females was higher. The three:...way plot shows 
a decrease for uncrowded males and crowded females from sequence 
ABC to CAB in trial 1; and a decrease for uncrowded males between 
BCA and CAB with an inverted U function for crowded females from 
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Adrenals • 
. Analysis of adrenal weights demonstrated a significant 
sex by sequence interaction which can be seen in Figure 11. 
Orthogonal comparisons were performed to further delineate the 
differences between male s and fe males over order sequences. , 
There was no significant differen ce between the . differences for 
males and females in th e CAB sequence as compared to the ABC 
and BCA sequences. However, the difference . between males and 
.. 
females in the ABC order sequence was s ignificantly higher than 
that of the BCA sequence. Mean adrenal weights for females · were 
higher than that of males in both the ABC and CAB orders. 
However, . the mean adrenal weights for males were higher in th e 
BCA ordei:::~ Additional orthogonals showed the weights of adrenals 
for femal es in the BCA ord er to be significan tly lower than those 
in both · ABC and CAB orders. There was no significant ~ifference 
between th e weights for females in the latter t wo orders. Males, 
however,' showed no significan t differences between adrenal weights 
in the three orders. 
DISCUSSION 
The re sults of the present experiment support the positions 
reached by a number of investigators (Howells & Kise, 1974; 
Lindzey, Hanosevitz _& Winston, 1966; Hard & Gerall, 1968) that 
various dominance tests "are not necessarily ~elated to the same 
domain" (Howells & Kise, 1974, p. 106). · Furthermore, th e result s 
indi cate that these . tests may involve differing definitional 
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concepts of dominance itself. 
The fact that there was little correlation between the three 
dominance tests employed, while there was moderate correlation among 
the within test measures for two of the tests, lends some support 
to the position that the tests are not measuring the same variable 
or variables, and that dominance is a multifacted concept which 
needs further delimitation. 
Using both restrictive and non-restrictive measures the 
present study did not specificall~ differentiate between the two 
rearing conditions with the exception of two of the Y-maze measures. 
Even these measures demonstrated ·little or no consistent differen-
tiation over trials: a) crowded ~s demonstrated significantly 
higher ratio of alternations to total arm changes on trial 1 
whereas uncrowded Ss showed a trend toward higher ratio of 
alternations to total arm changes on trial 2; and b) crowded Ss 
left significantly fewer boli on trial 1 but showed only a trend 
toward fewer boli on trial 2. 
The three tests also showed inconsistent differentiation 
between males and females when the sex variable was considered 
separately. This lack of consistent differentiation was noted 
between males and females on the three dominance measures as well 
as between different measures of the same test and between the 
trials of the same measure within the three tests. The only 
consistent finding was in the Y-maze where females made 
significantly more arm changes on both trials 1 and 2. 
This same inconsistency was demonstrated when the sequence 
variable was considered by itself. The only consistency seen for 
this variable was in the Y-maze between trials one and two. 
Although the rank order of sequences for the mean boli remaining 
for the two trials was not completely the same, sequence CAB 
demonstrated significantly fewer boli on NOA and NOB. 
Little consistency of findings was noted for the interaction 
of sex, crowding, and sequence· conditions with the exception of_ 
the food dominance measures between trials one and_two of FROA 
and FROB. Crowded females and uncrowded males accumulated 
significantly higher ratios for h.oth trials with crowded females 
and uncrowded males showing a significantly higher ratio for the 
ABC sequence as compared with the CAB sequence for both trials. 
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The expected difference between crowded and noncrowded 
animals for adrenal weights was not obtained. There was, however, 
a significant sex by sequence interaction for this variable. 
The results indicate that whereas the presentation order of tests 
had little effect on males, the females were significantly affected 
by test order. 
Hartley's Test for homogeneity of variance revealed that the 
variances for groups were significantly different on Trial 1 of 
the within group pairings of ratio of time spent eating to total 
time accumulated for each pair in the Food Dominance test. This 
indicates that assumptions made in the past _may have been invalid 
because the variance for groups was not equal and emphasizes the 
need for verifying the equality of variances in future research. 
The fact that there were only moderate correlations between 
the trials of the same measure coupled with the inconsistent 
results of the analyses for sex, sequence, and crowding conditions 
between trials is in contrast to the results of Howells and Kise 
(1974) who observed consistent findings between trials of the 
same measure. Although a direct comparison between the two studies 
is difficult due to several factors including the fact that the 
previously mentioned study employed isolate vs nonisolates and 
the present study crowded vs noncrowded Ss, one similar conclusion 
may be drawn. This is that the first trial of a particular test 
may serve as a learning experience which differentially affects 
later trials depending on the circumstances of the first trial 
(whether a win, loss, etc.) and the second trial (whether paired 
with a previous winner or loser for example). 
The differential results obtained from the two scoring 
techniques used in the underwater dominance test emphasizes how 
the methodology employed can influence the apparent experimental 
outcome. No differences were found when employing the 62 point 
rating scale whereas, still with no trial consistency, the win-
loss-tie scale demonstrated a significant sex by crowding by 
sequence interaction with little difference between males, but 
with crowded females winning more trials. This points out the 
necessity for further research into the validity of several 
scoring systems. It also points out how experimental results 
may often be no more than an artifact of the procedure used. 
The effects of sequence and its interaction with sex and 
crowding conditions in the present study further emphasize the 
importance of considering order effects in any multidimensional 
design. Howells and Kise (1974) recognized the importance of 
this methodological variable and pointed out that the results of 
Lindzey et al. (1966) of a significant correlation between three 
dominance measures may have been a function of their failure to 
counterbalance order of test presentation and the stabilizing 
of dominance relations in the first type of presentation. Howells 
and Kise counterbalanced the order of presentation in their study. 
Aside from the use of different rearing conditions, a major 
distinction between the present study and that of IJowells and 
Kise is that they used matched E_S• It is felt that the present 
study's use of random pairings within and between like sex groups 
is a stronger design. Matching artificially decreases variability 
weakening tests of difference. 
The differential interactions of sex with the other conditions 
and measures in the present study points out the fact that to 
arrive at a complete definitional concept of dominance and to 
understand the effects of the dominance tests, it is necessary to 
consider sex differences. 
As previously mentioned, one problem in generalizing from 
the present results to those of other dominance studies is that, 
with few exceptions, past studies have examined dominance as a 
function of isolate vs nonisolate rearing. One might assume that 
in the present study short-term crowding did not consistently 
differentially affect dominance behavior of any definitional or 
procedural variety; or, to the contrary, the definitions or 
procedures employed are not of the type or sensitivity to measure 
actual differential effects that do obtain from the living conditions. 
Regardless of one's view on the above, the present study re-
emphasizes the need for multi-r1ethod approaches such as those 
employed by Lindzey et al. (1966), Howells and Kise (1974) and 
the present study. Further, it points out the necessity of 
considering order effects, sex differences, first trial learning 
effects on second trials of the same measure, a need for stronger 
designs employing both within and between Ss random comparisons; 
and, finally, a need for research on dominance as a function of 
conditions other than the isolate vs non-isolate dichotomy. 
As Wilson (1974) pointed out, different interpretations of 
dominance and subordination have led to confusing scientific 
findings frequently based on a view of reciprocity between the 
two. However, Wilson suggested that "depending on the species, 
long-term observation may reveal a changing social relationship 
that is becoming less and less dichotomous". Other problems 
brought out by Wilson (1974) and the present study such as the 
lack of definitional agreement of dominance, the imprecise 
present understanding of the relationship between dominance and 
aggression, and the lack of an organizational scheme for the 
motivational states attributed to dominance combine with the 
present procedural and methodological inadequacies of dominance 
studies to produce no concrete conception of dominance. Part of 
')/. 
_,-, 
the problem may be alleviated by the use of several tasks and a 
combination of several variables such as those employed and 
suggested by the present study. However, even if different dominance 
orders result as in the Howells and Kise (1974) study, the question 
still remains as to whether their independence is a function of 
distinctive "agonistic dispositions" (Wilson, 1974) or they differ 
simply due to a procedural artifact. Further research is necessary 
to establish more concrete and uniform operations for the 
laboratory study of dominance which include and/or control the 
multitude of variables which affect the complex behavior of 
dominance before any concrete definitional concepts can evolve. 
In conclusion, the present study emphasizes the following: 
the need for multi-dimensional approaches, the necessity of 
considering order effects, the validity of scoring systems and 
procedures employed, sex differences, first trial learning 
effects on second trials of the same measure, a need for designs 
employing both within and between is random comparisons, and a 
need for research on dominance as a function of conditions other 
than the isolate vs non-isolate dichotomy. 
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APPENDIX A 
Analyses of Dominance and Adrenal Factors 
AN.t'-1,YSES OF WEIGHTS 
TABLE 2 
Analysis of Weights at First Ueighing 
Source of Variation df ss HS 
A {sex) 1 179830.083 179830.083 
B {crowding) 1 33.333 33.333 
C {sequence) 2 30195.292 15097.646 
AXB 1 2002.083 2002.083 
AX C 2 3229.542 1614.771 
B X C 2 498.042 249.021 
AX BX C 2 294.292 147.146 
Residual 36 23986.000 666.278 
Total 47 240068.667 5107.844 
* p <. 0.0001 
F 
269.90257 
0.05003 
22.65969 
3.00488 
2.42357 
0.37375 
0.22085 
* 
* 
l ') f .J 
At~ALYSES OF WEIGHTS 
TABLE 3 
Analysis of Height at Second Weighing 
Source of Variation df ss MS 
A 1 174484.083 174484.083 
B 1 1240.333 1240.333 
AX B 1 1240 .. 333 1240.333 
C 2 10071.167 5035.583 
AXC 2 223.167 111.583 
B X C 2 1068.667 534.333 
AX BX C 2 700.667 350.333 
Residual 36 23973.500 665.931 
Total (Corrected) 47 213001. 917 4531. 956 
* p <. .01 
F 
262.01543 * 
1. 86256 
1. 86256 
7.56172 * 
0.16756 
0.80239 
0.52608 
I' 
., 'f 
,,; 
TABLE·4 
Analysis of Frequency of Arm Changes Trial 1 
S·ource of Varia ti on df ss HS F 
A (s ex) 1 768.0 0000 · 768.0000 00 8.33524 * 
B (crowd ing) . 1 102.0 8333 · 102.0 83333 1.10793 
C X B (sequence X crowdin g) 1 52.0 8333 52.0 83333 0.56527 
C (sequence) 2 173.79167 86. 895833 0.94310 
AXC 2 631.62500 315.81 2500 3.42757 * 
BX C 2 18.29167 9.145833 0.09926 
AXBXC 2 38.79167 19. 395833 0.21051 
Residual · 36 3317.00000 92.138889 
· Total 47 5101.66 667 108.546099 
*·p1-.o s 
Sex 
1. 
2. 
3. 
4. 
5. 
6. 
1. 
2. 
3. 
4. 
5. 
6. 
TABLE 5 
Orthogonal Comparisons of Frequency of Arm Changes 
Trial 1 Y-Haze Test 
A1 
Males 
Az 
Females 
~x = 
1 
~x = 
2 
108 
253 
C2 
BCA 
~x = 158 
3 
~x = 193 
4 
2(AzC1 - A1C1) = (A2C2 - A1C2) 
(AzC2 - A1C2) = (A2C3 - A1C3) 
2(A1C1) = ·(A1Cz + A1C3) 
A1Cz = A1C3 
2(A2C1) = (A2C2 + AzC3) 
A2C2 = A2C3 
1 2 3 4 5 
-2 2 -1 +1 -1 
-1 +1 +1 
C N]!J.-.~ fx 2 
337 96 1183.01 
47 32 69.03 
146 48 448.08 
46 48 44.08 
97 48 196.02 
23 48 .48 
~x = 204 
5 
~= 216 
6 
+ (A2-C3 - A1C3) 
6 
+1 
-1 
Error Fws2H/sw2 
92.14 12.84* 
92.14 • 75 
92.14 4.86* 
92.14 .48 
92.14 2.:!.3 
92.14 
F 
.01 
.05 
47 
TABLE 6 
Analysis of Frequency of Alternatives Trial 1 
Source of Variation df ss HS F 
A (sex) 1 60.750000 60.7500000 11.39063 * 
B (crowding) 1 18.750000 18.7500000 3.51563 
AX B 1 0.083333 0.0833333 0.01562 
C (sequence) 2 32.375000 16.1875000 3.03516 
' 
AX C 2 25.125000 12.5625000 2.35547 
BX C 2 3.125000 1.5625000 0.29297 
AXBX C 2 9.041667 4.5208333 0.84766 
Residual 36 192.000000 5.3333333 
Total 47 341.250000 7.2606383 
* p L.. .005 
TABLE 7 
Analysis of Ratio of Alternatives to Total, Trial 1 
Source of Variation df ss MS . F 
A (sex) 1 379.68750 379.687500 8.54698 * 
B (crowdin g) 1 180.18750 180.187500 4.05612 * 
. . 
AX B 1 11.02083 11.020833 0.24809 
C (sequence) 2 261.5 ,9000 130.750000 2.94325 
AXC 2 120.50000 60.250000 1. 35626 
BX C 2 45.50000 22.750000 0.51212 
AX BX C 2 131. 16667 65.583333 1.47632 
Residual 36 1599.25000 . 44.423611 
Total 47 2728. 81250 58.059840 
*p~.05 
4':) 
TA..~LE 8 
Analysis of Number of Boli, Trial 1 
Source of Variation df ss HS F 
A (sex) 1 2.083333 2.0833333 0.33186 
B (crowding) 1 36.750000 36.7500000 5.85398 * 
AX B 1 4.083333 4.0833333 0.65044 
C (sequence) 2 52. 625000 26.3125000 4.19137 * 
. AX C 2 29.291667 14.6458333 2.33296 
BX C 2 11. 375000 5.6875000 0.90597 
AXBXC 2 1.041667 0.5208333 0.08296 
Residual 36 226.000000 6.2777778 
Total 47 363.250000 7. 7287234 
* p -L .05 
50 
TABLE 9 · 
Analysis of Freq{,\ency of Arm Changes, Tria 1· 2 
Sourc e of Variatio n .df ss HS ·F 
A (sex) 1 507.00000 507.000000 . 4.91769 * 
B (crowding) 1 252.08333 252.083333_ . 2.44510 
AXB 1 · 30.08333 30.083333 0.29180 
C (sequence) 2 140.7 ~9167 70.39 5833 0.68281 
AX C 2 418.87~00 209.437500 2.03146 
BX C 2 1'10.54167 70.270833 0.68160 
AX B ·x C 2 2.79167 1.395833 0.01354 
Residual · 36 3711.50000 103.097222 
Total 47 5203.66667 110.716312 
* p L.;, • 05 
5 .. ,_, 
TABLE 10 
Anal~ i s of Frequency of Alternatives, Trial 2 
Source of .Variation df ss MS F 
.A (sex) 1 12 .000000 12. 0000000 2.10732 
B (crowding) 1 21. 333333 21.3333333- 3.74634 
AXB 1 0. 083333 0.0833333 0.014 63 
C (sequence ) 2 2. 62-5000 1.3125000 0.23049 
AXC 2 4.875000 2.4375000 0.42805 
BX C 2 8.041 667 4.020 8333 0.70610 
AX BX C 2 1.291667 0.6458333 0.11341 
Residual 36 205.000000 · 5.6944444 
. Tota l 47 255.250000 5.4308511 
52 
TABLE 11 
Analysis of Ratio of Alternatives to Tot al, Trial 2 
Source of Variation df ss MS F 
A (sex) 1 5.33333 5.333333 0.06852 , 
B (crowding) 1 252 . 08333 252. 083333 3.23876 
AX B 1 154.08333 154.083333 " 1. 97966 
C (seque nce) 2 65. 29.16 7 32.645833 o. 41943 
AXC 2 55.79167 27. 895833 0.35840 
BX C 2 184 . 29167 92.145833 1. 18389 
AX BX C 2 185.79167 92.895833 1. 19352 
Residual 36 2802.00000 .77. 833333 
Total 47 3704.66667 78.822695 
SJ 
TABLE 12 
Analysis of Number of Boli, Trial 2 
Source of Variation df ss HS F 
A (se:ic) 1 L687500 1.6875000 0 . 1312~ 
B (crowding) 1 38 . 520833 38. 5208333 2 . 99676 
AXB 1 1.687500 1. 6875000 0. 13128 
C (sequence) 2 147 . 041667 73.5208333 5 . 71961 * 
AXC 2 15. 875000 7.9375000 0 . 61750 
B X C 2 30 . 041667 15 .0 208333 1.16856 
A X BX C 2 5 . 375000 2.6875000 0 . 20908 
Residual 36 462.750000 12.8541667 
Tot al 47 702.979167 14 . 9570035 
*pc::. . 01 
TABLE 13 
Anal ysis of Hater Dominanc e Within Group , Trial 1 
Sour ce of Variation df ss MS F . 
A (sex) 1 0 . 0000 0.0 00000 0.00000 
B (cr owding) 1 0 . 0000 0 . 000000 0. 00000 
AX B 1 0 . 0000 0.000000 0.00000 
C (sequence ) 2 0.0000 0 . 000000 0.00000 
AX C 2 0 . 0000 0 . 000000 0.00000 
B X C 2 0.0000 0 . 000000 0 . 00000 
A X B X C 2 0.0000 0.000000 0.0 0000 
Residual 36 22414.0000 476 . 611111 
Total 47 22414.0000 476 . 89361 7 
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TABLE 14 
Ana l ysis of Water Dominance Wi t_hi n Group, Trial 2 
Source of Variation df ss NS F 
A (sex) 1 · . 0 . 0000 0 . 000000 . 0. 00000 
B (crowding) 1 0.0000 0 , 000000 0 , 00000 
AXB 1 0 . 0000 0,000000 0 .00000 
C (sequence) 2 o._oooo 0. 000000 0.00000 
AX C 2 0.0000 0.000000 0.00000 
B X C 2 0.0000 0.000000 0 . 00000 
A .X BX C 2 0.0000 0.000000 0.00000 
Residua l 36 25518.0000 708.833333 
Tot al 47 25518.0000 542.936170 
TABLE 15 
Hartley's A..11alysis of Trial 1 and 2 of Within Group 
Underwater Dominance Tests 
Trial 1 Trial 2 
WWA WWB 
AzB1Cl - 993.33 AzBlCl - 1126.67 
AzB1Cz - 934.67 AzBl ~3 - 993.33 
A1B1Cz - 838.67 A1B1C1 - 972.00 
AzBzCz - 780.00 AzBzC3 - 934. 6.7 
A1B1C3 - 769.33 A1BzC3 - 902.67 
A1 BzC1 - 753.33 AzB1 Cz - 801.33 
A1B1C3 - 726.67 AzBzCz - 710.67 
AzBzC1 ...:-·444.00 A1B1Cz - 641. 33 
A1BzC3 - 390.67 Ai Bl C3 - 486.67 
A1B1C1 - 353.33 A1B2C2 - 465.33 
A1BzCz - 294.00 A1BzC1 - 417. 33 
AzB1C3 - 193.33 AzBzC1 - 32.67 
·993_33 = S 14 1126.67 34.49 32.67 = 193.33 • 
56 
57 
TABLE 16 
Analysis of Water Dominance Without Group, Trial 1 
Source of Variation df ss NS F 
A (sex) 1 · o. 0000 0.000000 0.00000 
B (crowding) 1 867.0000 867.000000 1.51177 
AXB 1 27.0000 27.000000 0.04708 
(: (sequence) 2 0.0000 0.000000 0.00000 
AXC 2 0.0000 0.000000 0.00000 
BX C 2 554.0000 277 .000000 0.48300 
AX BX C 2 434.0000 217.000000 0.37838 
Residual 36 20646.0000 573.500000 
Total 47 22528.0000 479.319149 
58 
TABLE 17 
Analysis of Water Dominance ~ithout Group, Trial 2 
Source of Variation df ss HS F 
A (sex) 1 0.0000 0.00000 0.00000 
B (crowding) 1 270.7500 270. 75000 · 0.49378. 
AXB 1 420.0833 420.08333 0.76613 
C (sequence) 2 0.0000 0.00000 0.00000 
AX C 2 0.0000 0.00000 0.00000 
BX C 2 418.5000 209.25000 0.38162 
AX BX C 2 2157.1667 1078.58333 1.96707 
Residual 36 19739.5000 · 548.31944 
Total 47 23006.0000 489.48936 
TABLE 18 
Hartley's Analysis of Sequence and Sex Factors on Trials 1 and 2 
of Without Group Underwater Dominance Pairings 
Trial 1 Trial 2 
WOA WOB 
A2Cl - 698.29 A1C2 - 782.86 
AzC3 - 602.29 A1C3 - 542.86 
A1C1 - 572.57 AzC3 - 535. 71 
A1C3 - 355.43 AlCl - 485. 71 
A1Cz - 245. 71 AzCl - 456.00 
698.29 2.84 782.86 1.72 245. 71 = 456.00 = 
59 
TABLE 19 
Hartley's Analysis of Variances of Sequence Factor on Trial 1 
and 2 of Without Group Underwater Dominance Pairings 
Trial 1 
WOA 
ABC 593.07 
BCA - 461.87 
CAB 446. 93 
Trial 2 
WOB 
BCA - 590.93 
CAB 503.33 
ABC 412.00 
(i(J 
TABLE 20 
Analysis of Trial 1 Outside Group Water Dominance 
Employing 2=Win, l=Tie, and O=Loss Scale 
Source of Variation df ss MS F 
A (sex) 1 o.oo o.oo 0.00 
B (crowding) 1 o.oo 0.00 0.00 
C (sequence) 2 o.oo o.oo o.oo 
AXB 1 1.33 1.33 
AXC 2 0.00 0.00 0.00 
BX C 2 2.00 1.00 
AX BX C 2 0.67 0.34 
SWG 36 44.00 1.22 
Total 47 
61. 
TABLE 21 . 
Analysis of Trial 2 Ou_tside Group Water Dominance 
Employing 2=Win, l=Tie, and 0-Loss Scale 
Source of Variation df ss MS F 
A (sex) 1 0.00 0.00 
B (crowding) 1 0.00 o.oo 
C (sequence) 2 0.00 . . 0.00 
AXB 1 2.83 2.83 2.86 * P. .10 
AX C 2 0.00 o.oo 
B X C 2 1.25 0.63 
AX ·s X C 2 6.42 3.21 3.24 * p .05 
SWG 36 35.50 0.99 
Tot al 47 
63 
TABLE 22 
Analysis of Food Dominance Eating Ti me Within Group , Trial 1 
So~rce of Variation df ss HS F 
A (sex) 
- 1 176.3333 176.3333 ·0. 10694 
B (crowding) 1 1026.7500 1026.7500 . 0.62267 
AXB 1 · 261. 3333 261. 3333 0.15848 
C (sequence) 2 25547 • .1667 12773.5833 7. 74646 * · 
AXC 2 . 505.1667 252.5833 0.15318 
B X C 2 1278.5000 639.2500 0.38767 
AX BX C 2 2272.1667 1136.2500 0.68897 
Residual 36 59362.5000 1648.9583 
Total 47 90429.9167 1924.0408 
* p L .01 
TABLE 23 
Analysis of Food Dominance Ratio Within Trial 1 
Source of Variation df ss HS F 
A (sex) 1 0.0000 0.00000 0.000OQ 
B (crowding) 1 0.0000 0.00000 0.00000 
AX B 1 0.0000 0.00000 0.00000 
C (sequence) 2 0.0000 0.00000 0.00000 
AX C 2 0.0000 0.00000 0.00000 
BX C 2 0.0000 0.00000 0.00000 
AX BX C 2 0.0000 0.00000 0.00000 
Residual 36 36838.0000 1023.27778 
Total 47 36838.0000 783. 78723 
65 
TABLE 24 
Analysis of Food Dominance Eating Time Within Group, Trial 2 
Source of Variation df ss NS F 
A (sex) 1 1230.188 1230.18750 0.40358 
B (crowding) 1 892.688 892.68750 0.29286 
AXB 1 2338.021 2338.02083 0.76702 
C (sequence) 2 3504.500 1752.25000 0.57485 
AX C 2 2134.500 1067 .25000 0.35012 
B X C 2 6051.500 3025.75000 0.99263 
AX BX C 2 10907.167 5453.58333 1. 78912 
Residual 36 109735.250 3048.20139 
Total 47 136793.813 2910.50665 
TABLE 25 
Analysis of Food Dominance Ratio Within, Trial 2 
Source of Variation df ss HS F 
A (sex) 1 · o. 0000 0.00000 0.00000 
B (crowding) 1 0.0000 0.00000 0.00000 
AX B 1 0.0000 0.00000 0.00000 
C (sequence) 2 0.0000 0.00000 0.00000 
AXC 2 0.0000 0.00000 0.00000 
B X C 2 0.0000 0.00000 0.00000 
AX BX C 2 0.0000 0.00000 0.00000 
Residual 36 36076.0000 1002.11111 
Total 47 36076.0000 767.57447 
TABLE 26 
Hartley's Test for Homogeneity of Variance for Trial 1 and 2 
of Within Group Pairings of Ratio of Time Spent Eating 
to Total Time Accumulated for Each Pair (Food 
Dominance) Trial 1 (FRWA), Trial 2, (FRWB) 
·FR.WA FRWB 
A2B2Cl - 2821.33 A1B1C3 - 2847.33 
A1.B1 C2 - 2227 .• 33 A1B2C3 - 1989. 33 
A2B2C2 - 1779.33 A1B1C2 - 1907.33 
~iB1C3 - 1616.67 AzB1 C3 - 1699.33 
A2B1C3 - 1133. 33 ½B2C2 - 1280.67 
A1B2C3 . - ·1083.33 AiB2Cl - 1200.00 
~B2C3 - 651.33 ½B1C1 - 833.33 
A1B2C1 - 371.33 A2B2C3 - 696.00 
A2B1C2 266.67 AlBlCl - 397.33 
A2B1 Cl . - 193.33 ½B1C2 - 226.67 
ABC · ···-l ._ l .l 112.67 A1B2Cl - 204.00 
A1B2C2 - 22.67 AlB2C2. - 64.67 
2821. 33 = F 2847.33 = 44 03 124.45 * pc::. .05 22.67 64.67 • 
67 
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TABLE 27 
Analysis of Food Dominance Eating Time Without Group, Trial 1 
Source of Variation df ss MS F 
A (sex) 1 85.333 85.33333 0.02832~ 
B (crowding) 1 918.750 918.75000 0.30495 
AX B 1 2408.333 2408.33333 o. 79937 
C (sequence) 2 200.375 100.18750 0.03325 
AX C 2 4723.292 2361.64583 0.78388 
B X C 2 6659.375 3329.68750 1.10519 
AX BX C 2 11963.792 5981.89583 1.98551 
Residual 36 108460.000 3012.77778 
Total 47 135419.250 2881.26064 
69 
TABLE 28 
Analysis of Food Dominance Ratio Without, Trial 1 
Source of Variation df ss HS F 
A (sex) 1 0.0000 0.00000 0.00000 
B (crowding) 1 70.0833 70.08333. 0.08532 
AX B 1 3434.0833 3434.08333 4.18075 * 
C (sequence) 2 0.J)000 0.00000 0.00000 
AXC 2 0.0000 0.00000 0.00000 
BX C 2 1900.6667 950.33333 1.15696 
AX BX C 2 8210. 666 7 4105.33333 4.99795 * 
Residual 36 29570.5000 821.40278 
Total 47 43186.0000 918.85106 
* p <: .05 
70 
TABLE 29 
Analysis of Food Dominance Eat in g Time Witho ut Group , Tria l 2 
. Source of Varia t ion df . ss . HS . F 
A (sex) 1 1. 333 1. 33333 0.00048 
B ( cr owding ) 1 234 . 083 i 34. 0833J 0. 08443 
AX B l · 1564.083 1564.0 8333 0. 56412 
C (sequence) . 2 109_9. 625 549.8 1250 0.19830 
AX C 2 4975.04 2 2487.52083 0. 89718 
BX C 2 11249. 292 ·5624. 64583 2. 02865 
AX BX C 2 5413 . 542 2706 . 77083 0.976 25 
Residua l 36 9981{+.000 2772. 61111 
Total 47 124351. 000 2645.76596 
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TABLE 30 
Analysis of Food Dominance Ratio WHhout , Trial 2 
Source of Variation df · ss MS F 
A (sex) . 1 0.0000 0.00000 0.00000 
B (cr owding) 1 102.0833 102.0 8333 0.13794 
AX B 1 3640.0833 3640.08333 4.91857 * 
C (sequence) 2 0 •. 0000 0.00000 0.00000 
A X ·C. 2 0.0000 0.00000 0.00000 
B X C 2 1572.1 667 786~08333 1.06218 
AXBXC 2· 5657.1667 2828.5833 3.82205 * 
Residual 36 26642.5000 . 740. 06944 
Total 47 37614.0000 800.29787 
* p < .05 
TABLE 31 
Analysis of Adrenal Weights 
Source of Variation df ss HS F 
A (sex) 1 1.3333333 1. 33333333 0.93204 
B (crowding) 1 1. 3333333 1.33333333 0.93204 
AXB 1 0.0000000 0.00000000 0.00000 
C (sequence) 2 7.125POOO 3.56250000 2.49029 
AXC 2 18.2916667 9.14583333 6. 39320 * 
B X C 2 2.0416667 1.02083333 o. 71359 
AXBXC 2 0.3750000 0.18750000 0.13107 
Residual 36 51.5000000 1.43055556 
Total 47 82.0000000 1. 74468085 
* p < .005 
TABLE 32 
Orthogonal Comparisons of Adrenal (-:eights for Hales and Females 
in the Three Order ~Sequences. 
X= 4.75 X = 5.25 i< = 4.5 
· A 1 
Males · 
zx = 38 · fx ~ 42 zx = 36 
190 230 168 
1 2 3 
Sex 
"X = 6.25 x = 3.875 x == 5.375 
~=so £x = 31 z:x = 43 
Females 320 127 247 
4 s- 6 
· 2 (A2C3 - A1 C3) = (AzC1 - A1 C1) + (A1C2 - A2C2) 
(A1C1 - AzC1) = . (A2Cz - A1 Cz) 
C -z-· z.x2~ Error Fw~2" /s2v F N~K, 
16" 2.67 1.87 
6 96 . 38 1.43 .27 
1 . . 03 .02 
23 32 . 16.53 1.43 11.56* .01 
2(A1C2) a (A1C1) + · (A1C3) 
A1C1 == A1C3 
10 48 2.08 1.43 1.45 
2 16 .25 1.43 
2(A2C2) = (AzC1) + (AzC3) 
AzC1 = AzC3 
-31 48 20.02 1.43 14.00* :01 
7 · 16 3.06 1.43 2.14 
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